On the basis of the coincidence of the physical dimensions (in natural units = c = 1) of the Newton's gravitational constant G N and the phenomenological Fermi constant G F for weak interaction, it is suggested that there is a certain similarity between weak forces, which are caused by the exchange of massive intermediate vector bosons with spin S = 1, and "superweak" gravitational forces that can be caused by the exchange of "supermassive" hypothetical tensor bosons with spin S = 2. By analogy with how the masses of intermediate bosons in the theory of electroweak interaction arise as a result of spontaneous breaking of the gauge symmetry of the electromagnetic field due to its interaction with the nonlinear scalar Higgs field, the masses of hypothetical tensor bosons carrying gravitational interaction can also arise as a result of spontaneous breaking of gauge symmetry of the massless gravitons when they interact with a fundamental nonlinear scalar field in a flat 4-dimensional space-time.
Introduction
One of the main obstacles to the construction of the renormalizable quantum field theory of gravity is that the corresponding interaction constant, the Newton's gravitational constant G N , is a dimensional one [G N ] = e 2 /m 2 . It should be noted that in natural units = c = 1 (where is the Planck constant and c is the speed of light) the dimension of G N coincides with the dimension of the phenomenological Fermi constant G F for weak interaction, for which the renormalizability problem was successfully solved in the Weinberg-Salam [1] theory of the unified electroweak interaction. Within the framework of this theory, it was shown that weak interaction is caused by the exchange of virtual massive intermediate bosons W ± and Z 0 whose masses arise due to the spontaneous breaking of the gauge symmetry of the vector massless electromagnetic field with spin S = 1 as a result of its interaction with the nonlinear scalar Higgs field [2] .
In this connection, based on the coincidence of the physical dimensions of the constants G N and G F , it was suggested in [3] that the "superweak" gravitational interaction is due to the exchange of virtual "supermassive" tensor bosons with spin S = 2, but the question of the origin of such bosons with a mass M T on the order of the Planck mass M P = c/G N was not discussed in [3] . We should note that earlier on the basis of a comparison of the constants G N and G F the possibility of "scaling" between the gravitational and weak interactions was considered in [4, 5] .
In this paper it is shown that the generation of a finite mass of tensor bosons can be caused by the spontaneous breaking of the gauge symmetry of the tensor field of massless gravitons -the quanta of gravitational field. Gravitons were predicted by Einstein [6] on the basis of the general theory of relativity (GTR) as gravitational waves, and were discovered recently in the LIGO (Laser Interferometer Gravitational-Wave Observatory) experiments [7] . However, such a mechanism of mass generation due to the interaction of gravitons with a nonlinear scalar field having a nonzero vacuum expectation value is possible only for a weak gravitational field, which in the linear approximation with respect to small perturbations of the metric tensor has local gauge symmetry in a flat 4-dimensional space-time [8] .
At the same time, according to the general principles of GTR, the presence of a nonlinear scalar field with a finite potential energy density, which determines the vacuum energy density λ 0 and the cosmological constant Λ 0 = κλ 0 (where κ = 8π 2 G N c 4 is the Einstein's gravitational constant) in the equations of general relativity, must create a negative scalar curvature R 0 = −4Λ 0 of the 4D space-time. In such a curved space, the gauge symmetry of the gravitational field is initially violated, and the tensor boson mass generation mechanism analogous to the Higgs mechanism [2] for intermediate vector bosons [1] is impossible.
In connection with this, along with string theory in multidimensional anti-de Sitter spaces [9] [10] [11] , for a long time, beginning with [12] , attempts were made to construct field-theoretical models of quantum gravity in curvilinear 4D space-time by combining nonlinear Yang-Mills equations [13] in quantum chromodynamics (QCD) with nonlinear equations of general relativity [14] or with its modified version, which is characterized by a quadratic dependence of the Lagrangian on the scalar curvature ∝ R 2 [15] .
In this paper, we propose a different approach based on the effective exclusion of gravity and curvature of 4D space-time within the framework of a possible version of the quantum field theory of exchange gravitational interaction in which the intensity of this interaction is determined by the double convolution of the retarded Green function of massive tensor bosons with metric tensors. Such a convolution may be written asG
is the 4D energy-momentum vector squared, and reduces to Newton's gravitational constant G N only in the static long-wavelength limit, when p 2 → 0, or for massless gauge fields with the energy of quanta ω k = k , where k is the 3D momentum (here and below we assume = c = 1). However, for a vacuum filled with a nonlinear massive scalar field with a mass of bosons M B , the spectrum of quantum fluctuations at absolute zero of temperature has a δ-shaped peak at a frequency corresponding to the energy of quanta
Under the condition that the mass of scalar bosons M B is equal to the mass of tensor bosons M T , the double convolution of the Green function of the tensor bosons is zero, so that in this case gravity is turned off. As a result, the 4D space-time averaged over the quantum fluctuations of the vacuum with frequency Ω B k on scales exceeding the Planck length and time scales l P = t P = 1/M P is effectively flat. In this case, the gauge symmetry of the weak gravitational field is restored, which leads to the possibility of a mass generation mechanism for tensor bosons due to the spontaneous breaking of the gauge symmetry of massless gravitons when they interact with the nonlinear scalar field having a nonzero vacuum average.
Spontaneous breaking of the gauge symmetry
of gravitons and the mechanism of mass generation of tensor bosons in a flat 4D space-time
We consider the problem of spontaneous breaking of the local gauge symmetry of massless gravitons with spin S = 2 due to their interaction with a nonlinear scalar field ϕ whose Lagrangian has the following form:
where g µν is the metric tensor of 4D space-time, µ = im is the "imaginary mass" parameter, and g is the non-linearity parameter of the scalar field. In the ground state, the scalar field is characterized by a nonzero vacuum expectation value of the amplitude ϕ 0 = µ/g and the density of the potential energy U 0 = µ 2 ϕ 2 0 4, which determines the energy density of the physical vacuum λ 0 = U 0 , while the excitations of such a field are scalar bosons with mass M B = µ √ 2. If we assume that for such a fundamental scalar field the mass of bosons is equal to the Planck mass, M B = M P = 1 √ G N , and the energy density is equal to the limiting Planck value U 0 = µ 4 4g 2 = M 4 P , then for the nonlinearity constant and the vacuum average of the scalar field we obtain g = 1/4 and ϕ 0 = 2M P √ 2. According to GTR, a weak gravitational field in the linear approximation with respect to small perturbations of the metric tensor is described by the following tensor equation (see [8] ):
This equation describes the free tensor field of massless gravitons in the absence of gravitating masses.
For the infinitesimal transformation of the 4D spacetime coordinates
, where the smallness of the displacement ε µ (x) is determined by the condition ∂ε µ /∂x ν ∼ |h µν | ≪ 1, the metric tensor and the amplitude of the field (2) take the form:
For a flat 4D space-time with a Minkowski metric tensor, by virtue of the relation ε µ = ε ν g µν , we have:
By substituting (4) into (2), it is easy to see that h ′ µν , just like h µν , is a solution of equation (2), which is a consequence of the exact local gauge symmetry of the weak gravitational field in flat 4D space-time.
By analogy with the Lagrangian of the interaction of scalar fields with "color" vector fields A α µ (x) given in [1] , we consider the corresponding Lagrangian of the interaction of a scalar field ϕ with a tensor gauge field h µν (x):
whereg is the interaction constant of tensor and scalar fields.
Assuming that the gauge symmetry of the tensor fields is violated by the nonzero vacuum expectation value ϕ 0 of the scalar field ϕ(x) = ϕ 0 + φ (x), with |φ| ≪ ϕ 0 , and neglecting the small cross terms of the type (φ · h µν ), we reduce (5) to the following form:
where the quantity M T =g · ϕ 0 plays the role of a mass of tensor bosons that arises as a result of spontaneous breaking of the gauge symmetry of massless gravitons due to their interaction with the nonlinear scalar field ϕ having a nonzero vacuum average.
3. Similarity between weak and gravitational forces and the exchange nature of the gravitational interaction
In the theory of electroweak interaction [1] , the charged W ± and neutral Z 0 intermediate bosons, in spite of the difference in their masses, are the three components of a single massive vector field with spin S = 1 that arises from spontaneous breaking of the gauge symmetry of the electromagnetic field due to its interaction with the nonzero vacuum average of the nonlinear scalar Higgs field [2] .
The Fourier representation of the imaginary-time Green function of a massive vector field has the form (see [16] ):
Here p µ are the components of the 4D energy-momentum We note that the numerator of the Green function (7) determines the structure of the vacuum-vacuum matrix element for massive particles with spin S = 1 and with vector (current) sources J µ (p) [17] :
where dω p -is an element of the phase volume in the 4D energy-momentum space. For the transition from a microscopic field-theoretic description of the retarded weak interaction to the phenomenological Fermi theory, we use the convolution of the Green function (7) with a metric tensor g µν and, taking into account the normalization condition g µν g µν = 1, obtain:
In accordance with the physical dimension of the Fermi constant [G F ] = e 2 m 2 , we introduce some effective "charge" of the weak interaction e w and represent this constant in the following form:
Taking into account the empirical values of the constant G F ≈ 1.1664 · 10 −5 GeV and the Z 0 -boson mass, we obtain an estimate for the dimensionless weak-coupling constant e 2 w ≈ 10 −1 , which is determined by the relation e
W , where g is one of the electroweak interaction constants having the electric charge dimension (the second constant is equal to g ′ = g · tan θ W , where θ W is the Weinberg angle).
We note that in accordance with the asymptotic renormalization-group relation for coupling constants on a floating scale of energies (see [1] ), for the ratio of the constants of the weak e 2 w and electromagnetic e 2 ≈ 1/137 interactions, the condition e 2 w e 2 ≈ ln (m Z /m e ), where m e is the mass of the electron, is approximately satisfied.
As mentioned above, it was suggested in [3] that in spite of the anomalously small value of the ratio G N /G F ≈ 6 · 10 −34 there is a similarity between gravitational and weak interactions which lies in the assumption that just like the weak forces are caused by the exchange of virtual intermediate vector Bosons, the "superweak" gravitational forces are caused by the exchange of "supermassive" tensor bosons with a mass M T that is 17 orders of magnitude larger than the mass m Z .
The vacuum-vacuum matrix element for massive tensor bosons with spin S = 2, which is determined by ten independent sources of a symmetric tensor field T µν (p) = T νµ (p), has the form [17] :
whereT
It follows that, by analogy with (7) and (8), the Green function of tensor bosons with mass m = M T has the following form:
For a simplified phenomenological description of the retarded gravitational interaction due to the exchange of virtual massive tensor bosons, we consider the double convolution of the Green function (14) with metric tensors g µν and g κλ :
In the limit p → 0, the gravitational constant, by analogy with (10), can be represented as:
where e g is the effective "gravitational charge" with the dimension of the electric charge. Suppose that the coupling constants e 
As a result, taking into account relations (10) and (13), we obtain a transcendental equation for determining the mass ratio of tensor M T and intermediate m Z bosons (see [3] ):
Equation (18) has two roots, the smaller of which with the accuracy of about G N /G F ≈ 6 · 10 −34 equals to unity and corresponds to the energies of the order of 100 GeV, which is typical for the standard model (SM) in the theory of elementary particles.
The second root of equation (18) equals to M T /m Z ≈ 2.6 · 10 17 and corresponds to the mass of tensor bosons
19 GeV, which is twice the Planck mass
GeV. Since, according to the results of Section 2, the mass of the tensor bosons is M T =gϕ 0 and the vacuum average of the scalar field equals to ϕ 0 = µ/g = 2M P √ 2 provided the mass of the scalar bosons is M B = µ √ 2 ≈ M P , we obtain an estimateg ≈ 1 √ 2 for the coupling constant of the scalar and gravitational fields in the Lagrangian (5), if the vacuum energy density equals to λ 0 = µ 2 ϕ 2 0 4 ≈ M 4 P . In addition, when M T ≈ 2M P , according to (17) , we obtain the following estimate for the dimensionless gravitational coupling constant: e 2 g ≈ 40e 2 w ≈ 4. According to the relation (15), the intensity of the gravitational interaction in the real time framework is determined by the function that depends on the energy ω and momentum k:
In the static and long-wavelength limits, when ω → 0 and k → 0, the function (19) is reduced to the Newton's gravitational constant G N . However, at small space-time scales, comparable to the Planck length and time scales l P = t P = 1/M P , the value ofG N may significantly differ from G N .
At the same time, for any massless gauge or fermion fields with the excitation spectrum ω k = k , the function (19) is identically equal to G N on all scales. On the other hand, for a massive tensor field with a spectrum of excitations
the function (19) vanishes identically, i.e. the gravitational interaction is turned off. This means that for the propagation of virtual "supermassive" tensor bosons carrying "superweak" gravitational interaction the 4D space-time remains flat. It should also be notes that the spectrum of quantum fluctuations of a vacuum filled with a fundamental scalar field with a scalar boson mass at an absolute zero of temperature is characterized by a δ-shaped peak at a frequency
For such excitations with
T . In order to avoid the instability of the vacuum under the action of antigravitỹ G N < 0, it is necessary for the condition M B ≤ M T to be satisfied. In particular, for the values M B ≈ M P and M T ≈ 2M P given above, we obtain an estimateG N ≈ 3G N /4.
At the same time, it should be emphasized that under the condition M B = M T the function (19) is identically equal to zero on all scales, so in this case the gravitational interaction completely disappears and the 4D space-time becomes flat.
Conclusion
Thus, it follows from the foregoing that it is quite feasible to construct a renormalizable quantum field theory of gravity in the initially flat 4D space-time without involving additional dimensions. It becomes clear that the tensor equations of general relativity are a phenomenological way of describing gravity as the curvature of the 4D space-time, taking into account the principle of equivalence of inertial and gravitational masses. These equations are valid only on sufficiently large space-time scales much exceeding the Planck scales l P and t P . At the same time, Newton's dimensional gravitational constant G N is an approximate phenomenological constant in the domain of energy and momentums that are small in comparison with the Planck values of energy and momentum M P , analogously to the phenomenological Fermi constant G F , which is constant only in the region of low energies and small momenta much smaller than the value characteristic of electroweak interaction, which is determined by the mass of the Higgs boson m H ≈ 100 GeV.
